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[TITLE OF THE INVENTION] 

Magneto-optical Recording Medium Using a Garnet Coat and Method 
for Manufacturing the Same 

[ABSTRACT] 

[Object] To increase the internal stress ( o ) 

of a garnet coat and suppress segregation of bismuth (Bi) in 
the vicinity of the surface of the coat without causing separation 
of the garnet coat and reduction of crystallization index. 
[Means for Solving the Problem] An amorphous coat 2 having a 
garnet composition is layered on a glass substrate 1, the 
amorphous coat 2 described above is crystallized, and 
subsequently, an Si0 2 (dielectric substance) coat 3 is layered 
on the surface of the coat. 



3: 


SiC>2 coat 




(layered on the garnet coat 2 




after crystallization) 


2: 


Garnet coat 


1: 


Substrate 



2 



[CLAIMS] 

[Claim 1] A magneto-optical recording medium using a garnet 
coat, characterized by comprising a substrate, a garnet coat 
formed on said substrate, and a dielectric-substrate coat 
layered on said garnet coat. 

[Claim 2] The magneto-optical recording medium using a garnet 
coat according to Claim 1, characterized in that said dielectric 
substance which is layered on the surface of the coat is any 
one of silica glass (Si0 2 ) , silicon monoxide (SiO) , aluminum 
nitride (A1N) , silicon nitride (SiN) , titanium oxide (Ti0 2 ) / 
and non-alkali glass, Corning 0317 glass (trade name) , or any 
one of a mixture in any ratio and any kinds of the same, and 
a multi-layered coat in which any kinds of the same are layered 
in any thickness of each layer. 

[Claim 3] The magneto-optical recording medium using a garnet 
coat according to Claim 1 or 2, characterized in that the 
dielectric substance is layered on the surface of the garnet 
coat after etching treatment or on the surface of the coat before 
heat treatment, for 5 seconds to 10 hours or that the thickness 
of the dielectric substance to be layered is at most 1000 A. 

[Claim 4] A method for manufacturing a magneto-optical 
recording medium using a garnet coat, characterized in that 
an amorphous coat of a garnet composition is layered on a substrate, 
the garnet coat is crystallized, and subsequently, a 
dielectric-substrate coat is layered on the surface of the coat. 

[Claim 5] A method for manufacturing a magneto-optical 
recording medium using a garnet coat, characterized in that 
an amorphous coat of a garnet composition is layeredon a substrate, 
a dielectric-substrate coat is layered on the surface of said 
amorphous coat, and subsequently, said. garnet coat is 
crystallized. 



3 



[Claim 6] The method for manufacturing a magneto-optical 
recording medium using a garnet coat, according to Claim 4 or 
5, characterized in that said dielectric substance which is 
layered on the surface of the coat is any one of silica glass 

(Si0 2 ) / siliconmonoxide (SiO) , aluminumnitride, (A1N) , silicon 
nitride' (SiN) , titanium oxide (Ti0 2 ) , and non-alkali glass, 
Corning 0317 glass (trade name) , or any one of a mixture in 
any ratio and any kinds of the same, and a multi-layered coat 
in which any kinds of the same are layered in any thickness 
of each layer. 

[Claim 7] The method for manufacturing a magneto-optical 
recording medium using a garnet coat, according to any one of 
Claims 4 to 6, characterized in that the dielectric substance 
is layered on the surface of the garnet coat after etching 
treatment or on the surface of the coat before heat treatment 
for 5 seconds to 10 hours or that the thickness of the dielectric 
substance to be layered is at most 1000 A. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Technical Field of the Invention] The present invention 
relates to a recording medium for use in magneto-optical 
recording, and in particular, relates to a magnetic garnet coat 
for use in a recording layer of a recording medium, and a 
magneto-optical recoding medium in which a garnet coat is layered 
on a substrate as a base layer of the magnetic garnet coat, 
as well as to a method for manufacturing the same. 

[0002] 

[Summary of the Invention] The present invention relates to 
a garnet coat including a rare earth element (R) , a transition 
metal (TM)~, and bismuth (Bi) , which is employed in a recording 
medium in magneto-optical recording in which a laser beam is 
used for recording and playing back data. By layering a 
dielectric-substance coat which transmits the light on the 
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surface of the garnet coat, the internal stress (a) of the garnet 
coat is controlled (increased or decreased) , and non-uniformity 
of the composition in the vicinity of the surface of the coat, 
that is, segregation of bismuth (Bi) is suppressed. 

[0003] 

[Prior Art] A garnet coat for forming a magneto-optical 
recording medium can be obtained by forming a coat on a substrate 

(a glass substrate or the like) , and subsequently crystallizing 
the garnet coat by heat 'treatment. This garnet coat forms 
polycrystals, independent of the kinds of the substrates for 
use in forming a coat or the conditions of forming a coat. In 
this case, it is known that the vertical magnetic anisotropy, 
which is an essential condition of the magneto-optical materials, 
is caused by the internal stress (a) present in the coat (Manabu 
GOMI, Kiyoshi UTSUKI, and Masanori ABE : Journal of the Japanese 
applied magnetic association, vol. 10, No. 2, 173 (1986)). 

In the case of a garnet including dysprosium (Dy) as a rare 
earth element (R) , the coefficient of thermal expansion (a) 
of the substrate is smaller than the coefficient of thermal 
expansion (a) of the coat, and for this reason, vertical.magnetic 
anisotropy occurs when the tensile internal stress (a) exists 
in the coat itself. In addition, with the greater difference 
of the coefficients of thermal expansion (a)-, the internal stress 
(a) and the magnetic anisotropy energy (Ku) become greater. 

[0004] In order to crystallize a garnet coat by means of 

a method in which heat treatment is carried out after forming 
the coat, it is necessary to carry out heat treatment, at 
temperatures of 500°C or more, even depending on the composition 
of the coat (amount of Bi) . For this reason, the substrate 
for use in forming a coat is limited to a glass or a single 
crystal such as GGG (gadolinium, gallium, garnet) . 
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[0005] Table 1 shows the representative substrate materials 
(Corning 0317 glass, non-alkali glass, silica glass, and GGG 
single crystal) and the coefficients of thermal expansion (oc) 
of the same. 



[0006] - 
[Table 1] 



Material 


Corning 

0317 

glass 


Non-alkali 
glass 


Silica 
glass 


GGG 

single 

crystal 


Coefficient of 
thermal expansion 
(a) (x 10' 7 /°C) 


98 


40 


5 


60 



Table 2 shows measured values of the internal stress (a) of 
the Bi-and-Ga added Dy-Fe garnet coat formed on silica glass 
(a - 5 x 10~V°C) or formed on non-alkali glass (oc = 40 * 10" 7 / °C) . 



[0007] 
[Table 2] 



Substrate 


Non-alkali glass 


Silica glass 


Internal stress a(MPa) 


150 


235 


Separation 


Not observed 


Observed 



As shown in Table 2, the internal stress (a) obtained when using 
silica glass as a substrate is 1.5 times based on those obtained 
when using non-alkali glass, but in the sample using the silica 
glass, separation of the coat .occurred. In addition, when a 
substrate. having a small coefficient of thermal expansion (oc). 
is employed, crystallization index of the cpat is decreased 
even if the conditions for forming the coat are the same. 
Therefore, a method in which an internal stress (a) is increased 
by using a substrate having a small coefficient- of thermal 
expansion (oc) has a limitation in view of uniformity of the 
coat quality. 



# 



6 



[0008] The methods in which stress is added to a garnet coat 

by utilizing the difference in coefficient of thermal expansion 
between a substrate and a coat have disadvantages other than 
those described above, as follows. 

[0009] In a garnet coat for use inmagneto-optical recording, 

bismuth (Bi) is added inorder to adjust the recording sensitivity, 
magnetic property, magneto-optical property, and 
crystallization' temperature of the medium. The stress caused 
by the difference between coefficient of thermal expansion of 
a substrate and coefficient of thermal expansion of a coat becomes 
reduced according to the distance from the interface between, 
the substrate and the coat. This means, that the force of 
broadening the lattice spacing, that is, the force of suppressing 
extrusion of bismuth (Bi) from the crystals is decreased. For' 
this reason, concentration of bismuth (Bi) in the vicinity of 
the coat surface is increased, and therefore, a composition 
gradient occurs in the vicinity of the coat surface. In many 
cases, the depth of segregation of bismuth (Bi) is approximately 
50 A. 

[0010] However, as is clear from the results of the 

composition analysis in the depth direction of a Bi-and-Ga 
replaced Dy-Fe garnet coat in which the coat is formed on a 
GGG (gadolinium, gallium, garnet) substrate as shown in Fig. 
6 (the horizontal axis denotes the depth from the surface, and 
the longitudinal axis denotes the element concentration) , the 
depth of segregation of bismuth (Bi) may reach the depth of 
1/3 of the thickness of the coat, that is, the depth of 
approximately 300 A. At the uppermost surface of the coat, the 
concentration of bismuth (Bi) is at the maximum. With the higher 
concentration of bismuth (Bi) , the phases including substances 
other than garnet, such as bismuth (Bi) , bismuth oxide (Bi 2 0 3 ) , 
bismuth orthoferrite (BiFe0 3 ) / and the like are increased. 



[0011] Under a non-garnet layer of the "uppermost surface, 
including a high concentration of bismuth (Bi) , a garnet region 
having a composition gradient in the depth direction exists. 
The layer with a high concentration of bismuth (Bi) on the coat 
surface can be removed by etching by means of methods such as 
a radio-frequency spatteringmethod (RFS) . However, it has been 
observed by the inventors of the present invention that at the 
same time of this removal, an internal stress (a) and a coercive 
force (He) are lowered (RyujiSATO, Norikazu KAWAMURA, Takahiko 
TAMAKI : Preliminary Abstracts of the 42 nd Applied Physics Related 
Lecture Meetings, No. 1, p. 79 (1995)). 

[0012] 

[Problems to be Solved by the Invention] As described above, 
in the conventional magneto-optical recording medium using a 
garnet coat in the prior art, there are problems of separation 
of the garnet coat and reduction of crystallization index. In 
addition, it is problematic in that an internal stress (a) and 
a coercive force (He) are lowered. 

[0013] The present invention was made under these 

circumstances . An obj ect of the present invention is to provide 
a magneto-optical recording medium using a garnet coat in which 
it is possible to increase the internal, stress (a) of a garnet 
coat and to suppress segregation of bismuth (Bi) in the vicinity 
of the surface of the coat without causing separation of the 
garnet coat and reduction of crystallization index, and is also 
to provide a method for manufacturing the same. 

[0014] 

[Means for Solving the Problems] In order to achieve the object 
described above, a magneto-optical recording medium using a 
garnet coat according to the present invention is, in Claim 
1, characterized by comprising a substrate, a. garnet coat formed 
on said substrate, and a dielectric-substrate coat layered on 
said garnet coat. 
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[0015] In Claim 2, the magneto-optical recording medium, 

using a garnet coat according to Claim 1, is characterized in 
that said dielectric substance which is layered on the surface 
of the coat is any one of silica glass (Si0 2 ) / silicon monoxide 
(SiO) , aluminum nitride (A1N) , silicon nitride (SiN) , titanium 
oxide (Ti0 2 ) / and non-alkali glass, Corning 0317 glass (trade 
name), or any, one of a mixture thereof in any ratio and any 
kinds, and a multi-layered coat in which any kinds of these 
are layered in any thickness of each layer. 

[0016] In CI aim 3, the magneto-optical recording medium using 

a garnet coat, according to Claim 1 or 2, is characterized in 
that the dielectric substance is layered on the surface of the 
garnet coat after etching treatment or on the surface of the 
coat before heat treatment for 5 seconds to 10 hours or that 
the thickness of the dielectric substance to be layered is at 
most 1000 A. 

[0017] In Claim 4, a method for manufacturing' a 

magneto-optical recording medium using a garnet coat is 
characterized in that an amorphous coat of a garnet composition 
is layered on a substrate, the garnet coat is crystallized, 
and subsequently, a dielectric-substrate coat is layered on 
the surface of the coat. 

[0018] In Claim 5, a method for manufacturing a 

magneto-optical recording medium using a garnet coat, is 
characterized in that an amorphous coat of a garnet composition 
is layered on a substrate, a dielectric- substrate coat is layered 
on the surface of said amorphous coat, and subsequently, said 
garnet coat is crystallized. 

[0019] - In Claim 6, the method for manufacturing a 
magneto-optical recording medium using a garnet coat, according 
to Claim 4 or 5, is characterized in that said dielectric substance 
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which is layered on the surface of the coat is any one of silica 
glass (Si0 2 ) , silicon monoxide (SiO) , aluminum nitride (A1N) , 
silicon nitride (SiN) , titanium oxide (Ti0 2 ) , and non-alkali 
glass, Corning 0317 glass (trade name) , or any one of a mixture 
in any ratio and any kinds of the same, and a multi-layered 
coat in which any kinds of the same are layered in any thickness 
of each layer. 

[0020] In Claim 7, the method for manufacturing a 

magneto-optical recording medium using a garnet coat, according 
to anyone of Claims 4 to 6, is characterized in that the dielectric 
substance is layered on the surface of the garnet coat after 
etching treatment or on the surface of the coat before heat 
treatment for 5 seconds to 10 hours or that the thickness of 
the dielectric substance to be layered is at most 1000 A. 

[0021] 

[Modes for Carrying Out the Invention] In the following, the 
modes for carrying out the invention according to the present 
invention are explained with reference to figures and tables. 

[0022] <<First Embodiment» Fig. 1 is a construction 

drawing showing the first embodiment of the magneto-optical 
recording medium using a garnet coat according to the present 
invention . 

[0023] The magneto-optical recording medium using a garnet 
coat shown in this drawing consists of a substrate 1 in the 
form of a plate made of glass; a garnet coat 2 which is formed 
by layering a coat on the substrate 1 , subsequently crystallizing 
the coat, and removing the surface of the coat by means of etching; 
and an Si0 2 coat 3 which is layered on the garnet coat 2 . 

[0024] In the following, a method for manufacturing the 
magneto-optical recording medium using a garnet coat shown in 
Fig. 1 is explained. 
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[0025] First, the substrate 1 is formed by a glass plate 
(corresponding to a non-alkali glass shown in Fig. 1) having 
a coefficient of thermal expansion (a) of 40 X 10" 7 /°C. Under 
the accumulating conditions shown in Table 3, spattering is 
carried out by means of a radio-frequency spattering method 
(RFS) , using a sintering target consisting of bismuth (Bi), 
dysprosium (Dy) , gallium (Ga) , iron (Fe) , and -oxygen (O) in 
a composition ratio of 2.5:1.1:1.0:3.3 of bismuth (Bi), 
dysprosium (Dy) , gallium (Ga) , iron (Fe) , and oxygen (O) , 
respectively, thus forming an amorphous coat having the 
ingredients of bismuth (Bi), dysprosium (Dy) >. gallium (Ga) , 
iron (Fe) , and oxygen (O) . 



[0026] 
[Table 3] 



Ultimate vacuum 


2 X 10" 5 Pa 


Substrate temperature 


150T: 


Spattering gas 


Ar/0 2 = 95:5. 


Spattering gas compression 


5.32 Pa 


Effective spattering electric 
power 


100 W 


Spattering time 


60 minutes 


Thickness of a coat 


120 nm 



Subsequently, • in order to remove the bismuth (Bi) segregated 
on the surface of this amorphous coat, under the conditions 
of etching treatment shown in Table 4 , the surface of the amorphous 
coat is removed by means of etching treatment for 20% of the 
time required for accumulating this amorphous coat, that is, 
for 12 minutes, followed by heating to 720°C at a rate of 
50°C/s in air. Subsequently, the condition at 720°C is 
maintained for 60 minutes, followed by cooling to 20°C at a 
rate of 3°C/s. By these heat treatments, the garnet coat 2 
exhibiting magnetic properties is crystallized. 
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[0027] 
[Table 4] 



Substrate temperature 


150°C 


Spattering gas 


Ar:0 2 = 95:5 


Spattering gas compression 


5.32 Pa 


Effective spattering electric 
power 


100 W 


Spattering time 


12 minutes 



Subsequently, in order to remove the region with non-uniform 
composition generated on the coat surface part of the 
crystallized garnet coat 2 and in order to reducing thickness 
of the coat, using a radio-frequency spattering method (RFS) , 
in the etching conditions shown in Table 5, the surface of the 
crystallized coat is subjected to an etching treatment for 10 
minutes, thus producing a garnet coat 2. 



[002 8] 
[Table 5-] 



Spattering gas 


Ar:0 2 = 95:5 


Spattering gas compression 


7.98 Pa 


Effective spattering electric 
power 


100 w 


Spattering time 


10 minutes 



Subsequently, under the conditions shown in Table 6, by means 
of a radio-frequency spattering. method (RFS), an Si0 2 coat 3 
is layered on the etching-treated garnet coat 2, thus producing 
a magneto-optical recording medium using a garnet coat. 



[0029] 
[Table 6] 



Spattering gas 


Ar:0 = 95:5 


Spattering gas compression (Pa) 


5.32 


Effective spattering electric 
power (W) 


100 



12 



Spattering time (min.) 



0, 2, 5, 10 



The results of the magneto-optical recording medium .produced 
as described above according to the first embodiment are shown 
in Fig. 3. 

[0030] In the first embodiment, when the surface of the coat 

which had been crystallized was subjected to etching for 10 
minutes, the internal stress (a) in the tensile direction, which 
had been 110 MPa (layered time: 0 minutes, in the figure,, shown 
as O) before etching, decreased in 70 MPa (layered time: 0 
minute, in the figure, shown as •) . After that, when the Si0 2 
was layered on the surface of the coat under the conditions 
shown in Table 6, the internal stress* (a) became larger than 
that after etching, and had a maximum value of 130 MPa at 2 
minutes of the layered time . This value is larger than the value 
before etching. 

[0031] The reasons why the internal stress (a) increases 
by layering the Si0 2 coat 3 after crystallization are explained. 
When the tensile internal stress is present on the coat formed 
on the substrate 1, the sample is curved so that the side of 
the coat is concave . If in the Si0 2 itself layered on the surface 
of the garnet coat 2, a compression stress (force of compressing 
the coat, assuming that the substrate is not present ) is generated, 
the sample further curves, and the tensile stress exerted on 
the garnet coat 2 increases. The internal stress (o) after Si0 2 
is layered has the maximum value, without monotonic increase, 
with respect to time of layering, because relaxation (reduction) 
of the internal stress (a) of the garnet coat 2 proceeds by 
collision of the Si0 2 particles with the surface of the coat, 
if time of layering becomes longer. 

[0032] In the embodiment shown in Fig. 1, as the coat to 
be accumulated on the substrate 1, the coat including dysprosium 
'(Dy) is employed. The coats including any one of bismuth (Bi) 
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and a rare earth element (R) or a plurality of these may be 
employed. 

[0033] «Second Embodiment» Fig. 2 is a construction 
drawing showing the second embodiment of the magneto-optical 
recording medium using a garnet coat according to the present 
invention . 

[0034] The magneto-optical recording medium using a garnet 

coat shown in this drawing is characterized by consisting of 
a substrate 4 in the form of a plate made of glass in the same 
manner as described in the first embodiment; a garnet coat 5 
layered on the substrate 4; and an Si0 2 coat 6 which is layered 
on the garnet coat 5, and, is characterized in that the garnet 
coat 5 described above is crystallized by heat treatment in 
the same conditions as described in the first embodiment, after 
the Si0 2 coat 6 is layered on the surface of the garnet coat 
under the conditions shown in Table 6. 

[0035] In the following, a method for manufacturing the 

magneto-optical recording medium using a garnet coat shown in 
Fig. 2 is explained. 

[0036] First, the substrate 4 is formed using a glass plate 

(corresponding to a non-alkali glass shown in Table 1) having 
a coefficient of thermal expansion (a) of 40 X 10" 7 /°C. Under 
the accumulating conditions shown in Table 3, spattering is 
carried out by means of a radio-frequency spattering method 

(RFS) , using a sintering target consisting of, as ingredients, 
bismuth (Bi), dysprosium (Dy) , gallium (Ga) , iron (Fe), and 
oxygen (O) in a composition ratio of 2.5:1.1:1.0:3.3 of bismuth 

(Bi) , dysprosium (Dy) , gallium (Ga) , iron (Fe), and oxygen (O)- 
to form an amorphous coat having the ingredients of bismuth 

(Bi), dysprosium (Dy) , gallium (Ga) , iron (Fe), and oxygen (0) . 
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[0037] Subsequently, in order to remove the bismuth (Bi) 
segregated on the surface of this amorphous coat, under the 
conditions of etching treatment shown in Table 4, the surface 
of the amorphous coat is removed by means of etching treatment 
for. 20% of the time required for accumulating this amorphous 
coat, that is, for 12 minutes. 

[0038] Subsequently, under the conditions shown in Table 

6, the Si0 2 coat 6 is layered on the amorphous coat having a 
garnet composition using a radio- frequency spattering method 

(RFS) , followed by heating to 720°C at a rate of 50°C/s in air. 
Subsequently, the condition at 720° C is maintained for 60 minutes, 
followed by cooling to 20°C at a rate of 3°C/s. By these heat 
treatments, the garnet coat 5 exhibiting magnetic properties 
is crystallized, thus producing a magneto-optical recording 
medium using a garnet coat as shown in Fig. 2. 

[0039] The results of the magneto-optical recording medium 

produced as described above according to the first embodiment 
are shown in Fig. 4. 

[0040] In the second embodiment, if the surface of the coat 

is subjected to an etching treatment for 20% of the time required 
for accumulating the coat, the region of non-uniform composition 
with a high concentration of bismuth (Bi), which is present 
on the surface of the coat, is removed. Subsequently, after 
the Si0 2 coat 6 is layered thereon, the garnet coat 5 is 
crystallized by heat treatment. Since the coefficient of 
thermal expansion of the Si0 2 coat 6 is considered to be 
approximately 5 X 10" 7 /°C, a tensile stress is exerted on the 
garnet coat 5 from the coat-surface side during the 
crystallization step . This force makes the sample curve so that 
the sample is concave at the substrate 4 side. 

[0041] Therefore, it is expected that by carrying out ■ 

. crystallization after the Si0 2 coat 6 is layered, the internal 
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stress (a) of the garnet coat 5 becomes smaller as compared 
to the case without Si0 2 coat 6. 

[0042] As shown in Fig. 4/ the internal stress (a) of the 
garnet coat 5 crystallized after the- Si0 2 coat 6 is layered 
monotonically decreases with respect to time of layering the 
Si02coat6. The reduction of the internal stress (a) corresponds 
to a disadvantageous result for securing the high-coercive-force 
conditions. In the second embodiment, the coefficient of. 
thermal expansion of the glass used as the substrate 4 is 40 

X 10" 7 / °C, which corresponds tol/2orlessof those of the garnet 
coat 5 (approximately 100 X 10" 7 /°C). For this reason, even 
when the time of layering Si0 2 is 10 minutes, the internal stress 

(a) has a value equivalent to the internal stress (a) at 10 
minutes of the time of layering Si0 2 shown in Fig. 3 in the first 
embodiment . The method in which crystallization is carried out 
after the Si0 2 coat 6 is layered exhibits the effect of making 
the composition of the garnet coat 5 uniform, in addition to 
the effect of decreasing the internal stress (a) of. the garnet 
coat 5. 

[0043] Fig. 5 shows the analysis results in the depth 

direction of each element concentration of the coat at 10 minutes 
of the time of layering Si0 2 shown in Fig. 4. . 

[0044] . In this coat, no increase was observed in the 
concentration of bismuth (Bi) in the vicinity of the surface 
of the coat, as shown in Fig. 6. The results of Fig. 5 show 
that the phenomenon that bismuth (Bi) is extruded from the lattice 
position of the rare earth element (R) is suppressed by carrying 
out crystallization while exerting tensile stress in the 
vicinity of the coat surface. 

[0045] In the composition of the second embodiment shown 
in Fig. 2, the amorphous coat consisting of bismuth (Bi), 
dysprosium (Dy) , gallium (Ga) , iron (Fe), and oxygen (O) is 
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employed. Amorphous coats including any one of bismuth (Bi) 
and rare earth elements (R) , or including a plurality of these, 
for crystallization as garnet, may be employed. 

[004 6] In the first embodiment and the second embodiment 

described above, as the dielectric substance to be layered on 
the surface, Si0 2 is used. Furthermore, any one of silicon 
monoxide (SiO) , aluminum nitride (A1N) , silicon nitride (SiN) , 
titanium oxide (Ti0 2 ) / and non-alkali glass (coefficient of 
thermal expansion: 40 X 10" 7 /°C to 45 X 10" 7 /°C), and Corning 
0317 glass (coefficient of thermal expansion: 98 X 10" 7 /°C) , 
or any one of a mixture thereof in any ratio and any kinds, 
and a multi-layered coat in which any kinds of these are layered 
with any thickness of each layer, may be employed. 

[0047] In addition, in the first embodiment and the second 

embodiment described above, the time of layering the dielectric 
substance is at most 10 minutes. Depending on the coefficient 
of thermal expansion of the employed dielectric substance and 
method for forming the coat, as well as the conditions of forming 
the coat, any time up to 10 hours may be used. 

[0048] Here, the reasoning for the tolerance of the time 

of layering Si0 2 is explained. 

[0049] The method used in order to form the Si0 2 coat in the 

first embodiment and the second embodiment corresponds to a 
radio-frequency spattering method (RFS) . The spattering rate 

(accumulating velocity on the substrate) with respect to Si0 2 
is approximately 1 A/s. Therefore, thickness of the Si0 2 coat 
at 10 minutes of the layering time according to this method 
is 600 A. In the case of a radio-frequency spattering method 

(RFS) , the spattering rate depends on the gas compression and 
electric power. If the spattering rate becomes 1/60 according 
to these conditions, the time required for layering a coat with 
a thickness of 600Ais 10 hours . In a radio- frequency magnetron 
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spattering method (RFMS) or an ion beam spattering method (IBS), 
the spattering rate is higher than those in a radio-frequency 
spattering method (RFS) , and can also be dozens of angstrom 
/s. If it is possible to realize a spattering rate of 100 A/s, 
the required time is 6 seconds. 

[0050] In each of the embodiments according to the present 

invention, the thickness of the layered Si0 2 is at most 
approximately 600" A. Under the condition for forming a coat 
that relaxation of the stress of the garnet coat, caused by 
collision of the particles of the dielectric substance to the 
surface of the coat, is small, or in the case where the dielectric 
substance is layered before heat treatment, that is free of 
relaxation of stress, the thickness may be approximately 1000 
A. 

[0051] 

[Effects of the Invention] As described above, according 
to the present invention, it is possible to increase the internal 
stress (a) of a garnet coat and suppress segregation of bismuth 

(Bi) in the vicinity of the surface of the coat without causing 
separation of - the garnet coat and reduction of crystallization 
index. 

[Brief Description of Drawings] 

[Fig/ 1] Fig. 1 is a construction drawing showing the first 
embodiment of the magneto-optical recording medium using a 
garnet coat according to the present invention. 

[Fig. 2] Fig. 2 is a construction drawing showing the second 
embodiment of the magneto-optical recording medium using a 
garnet coat according to the present invention. 

[Fig. 3] Fig. 3 is a drawing showing the dependency of the 
internal stress (o) of the garnet coat in which the Si0 2 is layered 
after crystallization, on the time for layering the Si0 2 , as 
the results of the first embodiment. 
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[Fig. 4] Fig. 4 is a drawing showing the dependency of the 
internal stress (a) of the garnet coat crystallized after the 
Si0 2 is layered, on the time for layering the Si0 2 , as the result 
of the second embodiment. 

[Fig. 5] Fig. 5 is a drawing showing the analysis results in 
the depth direction of the concentration of each rare earth 
element of the garnet coat crystallized after the Si0 2 is layered, 
as the result of the second embodiment. 

[Fig. 6] Fig. 6 is a drawing showing the analysis results of 
the composition in the depth direction of the Bi-and-Ga replaced 
Dy-Fe garnet coat formed on GGG (gadolinium, gallium, garnet) . 
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